Circulating nucleic acids (CNAs) are free-floating, cell-free DNA and RNA molecules in the circulation of healthy and diseased humans and animals. The aim of this study was to identify differences in CNA distribution in serum samples from multiparous pregnant (n ¼ 24) and nonpregnant (n ¼ 16) dairy cows at different days of gestation (Days 0, 20, and 40) . A modified serial analysis of gene expression procedure was used to generate concatemerized short sequence tags from isolated serum DNA. A total of 6.1 3 10 6 tags were recovered from analyzed samples (n ¼ 40). Significant differences between the pregnant and nonpregnant groups were detected in chromosomal regions, protein-coding sequences, and single genes (P , 0.05). Approximately 23% (1.4 3 10 6 tags) of the total sequence pool were present exclusively in the analyzed serum samples of pregnant cows. Of these tag sequences, seven originated from genomic regions and 13 from repetitive elements. Comparative BLAST analysis identified the repetitive tags as BovB (non-long terminal repeat retrotransposons/long interspersed nuclear elements), Art2A, BovA2, and Bov-tA2 (short interspersed nuclear elements). To our knowledge, this is the first study to comprehensively characterize the circulating, cell-free DNA profile in sera from pregnant and nonpregnant cows across early gestation.
INTRODUCTION
Circulating nucleic acids (CNAs) are extracellular DNA and/or RNA molecules that circulate in the bloodstream of healthy and diseased humans and animals [1, 2] . Gahan and Stroun [3] delineate a spontaneous release of DNA/RNA lipoprotein complexes, apoptosis and necrosis of nucleated cells, and release of cell-derived exosome membrane vesicles as a possible source for CNAs in plasma and serum. It has also been suggested that CNAs play an important role in cell-to-cell communication, signaling, and horizontal DNA transfer [3, 4] .
Since the discovery of CNAs in 1948 [5] , many diagnostic applications have been developed to detect specific CNAs as biomarkers for tumor diseases and other disorders [6] . Unique opportunities for noninvasive prenatal diagnosis, such as screening for chromosomal aneuploidies (trisomies 13, 18, and 21) [7, 8] , and the detection of many pregnancy-associated disorders [9] were made possible by the analysis of human cellfree fetal DNAs in maternal circulation [10, 11] .
In the case of fetal trisomy, different methods for the detection of CNAs in the maternal bloodstream have been developed, including determination of allelic ratios of placental-specific mRNA [12] , digital PCR [13] [14] [15] , shotgun sequencing [7, 16] , and next-generation sequencing [17, 18] . Recently, Fan et al. [7] analyzed the chromosomal representation and the size distributions of circulating fetal and maternal DNA by using high-throughput paired-end sequencing. They detected aneuploid fetal DNA in cases of pregnancies involving trisomy 13, 18, or 21 and distinguished shorter fetal sequences from longer maternal DNA by size selection.
The existence of CNAs in cattle and their diagnostic utility has been shown in cattle and elk with bovine spongiform encephalopathy [19] [20] [21] as well as in apparently healthy cattle [22] . In human pregnancy, an early transfer of fetal DNA to the maternal bloodstream is possible due to the implantation of the conceptus (around Days 8-10 of gestation) [23] and directcontact sites of the maternal blood to the fetal chorionic epithelium of the hemochorial placenta [24] . An early detection of circulating fetal DNA in pregnant cows is difficult, however, because the implantation of the embryo occurs after Day 18 of gestation [25] and the synepitheliochorial placenta shows no direct contact between the trophoblast and the maternal blood [24] .
Turin et al. [26] reported maternal-fetal transplacental leakage by the detection of fetal DNA from midgestation in blood samples of normal, in vitro-fertilized, and embryotransferred cattle. In addition, the detection of Y-specific sequences of fetal derived CNA by PCR is possible at Day 30 of gestation and can be used for intrauterine gender determination [27, 28] .
An important embryonic pregnancy recognition signal, interferon-tau (IFNs), is expressed and secreted by trophoblastic cells during initiation of implantation. Comparative transcriptome studies showed some upregulated expressed genes and pathways in the endometrium of pregnant cows at Days 16 and 18 of gestation, which accounts for cell proliferation and apoptosis control [25, 29] . The measurement of these IFNs-stimulated genes in circulatory leukocytes in primiparous pregnant cows at Days 18-20 of gestation was demonstrated by Green et al. [30] . These investigations suggest that changes in the transcriptome of the endometrium also have an impact on the compositions and characterizations of cell-free circulating maternal DNA during different periods of bovine pregnancy.
During pregnancy in ruminants, different molecules are produced in the trophoblastic cells of the placenta, such as progesterone, lactogenes, pregnancy-associated glycoproteins (PAGs), and prolactins, that play a key role in fetal-maternal signaling and communication [31, 32] and are measurable in the cow's circulation [33] . The aim of the present study was the identification and characterization of circulating DNA in serum samples of pregnant dairy cows that are present in early gestation.
MATERIALS AND METHODS

Study Samples
A cohort of 17 Holstein-Friesians was artificially inseminated. Blood samples (3-10 ml) were taken from the caudal vein and collected in serum tubes. Immediately after clotting for 1 h at room temperature, each serum tube was clarified by centrifugation at 3000 rpm for 20 min. The supernatant was transferred to a new 1.5-ml tube. Serum samples were immediately stored at À208C until further processing.
To ensure practice-oriented conditions, the blood samples were taken as part of a common insemination on a commercial dairy farm (Agrar Natura GmbH). We performed a random sampling of the cohort, but due to the inbred status and high linkage disequilibrium of Holstein-Friesians, we choose unrelated cows. The cows in the present study derived from a farm with an overall population of 1500 cows. The 17 individual cows descended from 17 different dams (mothers) and 16 different sires (fathers). These 17 dams also descended from 17 different cows (grandmothers) and 15 different bulls (grandfathers or mothers' fathers).
During the collection period until calving, a veterinarian supervised all cows. Only samples from healthy cattle were collected. Blood samples were taken by the animal welfare officer of the Faculty of Agricultural Science, commissioned and authorized by the Lower Saxony State Office of Consumer Protection and Food Safety.
The collection started at Day 0 (before insemination), 20, and 40 after insemination. If applicable, the gestational status was determined by the analysis of PAGs and finally verified by the date of calving after 280-285 days.
Sera were prepared from eight pregnant cows each at Day 0, 20, and 40 after insemination (n ¼ 24 total). To describe the course of pregnancy, we also defined Day 0 as a gestational status of later pregnant cows. Samples from nine nonpregnant (NP) cows of the cohort were chosen as a control group. In detail, sera were prepared from five, nine, and two cows at Day 0, 20, and 40, respectively, after insemination (n ¼ 16 total). For the subsequent data analysis, the described control group was pooled and termed the NP group.
DNA Extraction and Whole Genome Amplification
Frozen serum was thawed at 48C and centrifuged at 4000 3 g for 20 min to remove cell debris. Supernatant (200 ll) was used to extract total nucleic acids with the High Pure Nucleic Acids Extraction Kit (Roche) according to the manufacturer's instructions, but without the use of carrier RNA.
Due to the low concentration of serum CNAs (,10 ng/ll), a photometric measurement was not practical. Subsequently, we determined the nucleic acid concentration by a Tecan multiplate reader using the intercalating fluorescence dye PicoGreen (Invitrogen). For calculation of CNA concentration, a calibration curve of DNA standards of well-known concentration was prepared and measured simultaneously.
The GenomePlex Single Cell Whole Genome Amplification Kit (WGA4; Sigma-Aldrich) was used to generate randomly primed DNA libraries from 1 ll of the nucleic acid extract according to the manufacturer's instructions. Reactions were performed in duplicate and pooled after amplification to avoid possible amplification-introduced bias. The concentrations and the ratios of the absorbance at 260 and 280 nm (260:280) of the purified whole genome amplification (WGA) samples were measured with a NanoDrop ND-1000 Spectrometer (Peqlab). To avoid nucleic acid degradation that otherwise would lead to bias of the pyrosequencing results, we performed a 2% agarose gel electrophoresis. The fragment size of each WGA sample was between 200 and 500 bp, corresponding to native CNA.
Sample Preparation and Sequencing
The DNA library was generated by the SuperSAGE (serial analysis of gene expression)-like protocol [34] . A detailed description of the procedure is given in Supplemental Figure S1 (all Supplemental Data are available online at www. biolreprod.org). Briefly, to generate short 25-bp sequence tags, the randomized DNA libraries were cleaved with NlaIII and EcoP15I restriction enzymes. Subsequently, these tags were concatenated by ligation, and fragments between 400 and 500 bp were separated by agarose gel electrophoresis. Excised gel slices were centrifuged at 20 000 3 g for 45 min to recover DNA fragments. Each supernatant (1 ll) was reamplified using the Roche 454-A & -B-Adapter, which included the molecular identification tags. The samples were pooled and sequenced on a Roche 454 GS-FLX Titanium according to the manufacturer's protocols.
Data Analysis
After assignment of obtained sequences to the respective samples, the adapter and molecular identification tags were removed. Ditag sequences were separated at each ''CATG'' motif (NlaIII recognition and cut site), and ditags were split into tag sequences. We developed our own Mac OS X (Apple) program scripts for the data bioinformatic pipeline on a Macintosh (Apple) network cluster.
The origins of CNAs were investigated with the BLAST (Basic Local Alignment Search Tool) program [35] . Repetitive elements were detected with the local installed RepeatMasker software package (Institute for Systems Biology) [36] . Tag sequences were compared against the bovine genome (National Center for Biotechnology Information [NCBI] Btau_4.0) and the database of all known repetitive elements (Repbase ver.12.09) using BLAST analysis with highly stringent parameters as described by Beck et al. [2] . Briefly, all sequences that produced significant matches (.96% identity) were arranged by their position to the reference genome or repetitive elements and counted as hits. The distribution of tag sequences between genomic features like annotated genes, including transcribed sequences (RNAs and untranslated regions [UTRs]), protein-coding DNA sequences (CDS), as well as pseudogenes, was determined. Additionally, the amount of tag sequence matches was analyzed for whole chromosomes and chromosomal 500 000-bp windows. The tag counts for genomic features, chromosomes, and chromosomal windows were normalized by the total number of tags matching to the bovine genome.
The distribution of repetitive tag sequences was determined. Using the published bovine genome database (NCBI Btau_4.0), all genomic NlaIII cut sites were counted and used as an expected tag rate repetitive element (long interspersed nuclear element [LINE], short interspersed nuclear element [SINE], transposon, or long terminal repeat [LTR] ). The ratio between observed and expected tag rates was calculated for each repetitive element. For the whole bovine genome, the number of 1.25 3 10 7 NlaIII recognition sites (''CATG'') was counted, of which 6.99 3 10 6 NlaIII sites belonged to repetitive elements. For the repeats, these counts served as expected values for calculating the observed:expected ratios.
In a second analysis, all obtained tag sequences were sorted into a database for pregnant and NP samples, respectively. Tags of both databases were blasted against each other. The tags producing significant hits (.90% identity) were removed. The remaining sequence tags that only appeared in samples of pregnant cows were counted. Elevated numbers of tag sequences exclusively found in samples of pregnant cows at Day 20 compared to Days 0 and 40 were detected. A schematic of the in silico analysis is shown in Supplemental Figure S2 .
Statistical Analysis
The normalized tag counts were grouped (pregnant [Days 0, 20, and 40] and NP) and evaluated for the detection of differences in samples of pregnant and NP cows. Pregnant and NP were compared using a two-tailed paired or unpaired Student t-test assuming unequal variances. The analysis of tag hits comprised their distribution among chromosomes and genomic features. To maximally control the type I error rate, we used a highly conservative method by adjusting the P-values according to Bonferroni. The level for statistical significance was set at P , 0.05.
Group differences in tag hits within genes were analyzed by median test. The distribution of the medians of the two groups was compared in form of a contingency table by using a chi-square test. We rejected the null hypothesis when the medians of tag hits from Days 0, 20, or 40 were identical to the medians of the NP control if P , 0.01. Tags exclusively found in pregnant cows derived from annotated genes sequences were tested for significance. As a consequence, we performed no postcorrection. Sample data that did not show any tag hits in genes were not further considered. Statistical calculations were performed with Microsoft Excel.
For the statistical analysis of the distribution of repetitive elements, observed:expected ratios and z-values were calculated. The z-value described the differences between the observed and expected NlaIII cut sites in terms of SD. Additionally, the statistical significance of the observed:expected ratios was determined by the area under the Gaussian normal distribution. A Bonferroni correction was used to adjust the P-values.
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RESULTS
Sequence Counts
The total sequence counts for 40 bovine serum samples are summarized in Table 1 . From the total sequence pool, 4.0 3 10 6 tag sequences produced significant matches on the cow genome (NCBI Btau_4.0) and the database of all known repetitive elements (Repbase ver.12.09). Based on these results, 63% of sequences (2.5 3 10 6 tags) were assigned to genomic regions and 37% (1.5 3 10 6 tags) to repetitive elements. In the serum of pregnant and NP cows, 62 298 6 9085 (mean 6 SD) and 64 796 6 10 454 tags, respectively, were identified as genomic sequences, whereas 36 936 6 4464 and 38 344 6 5666 tag sequences, respectively, originated from repetitive elements.
Representation of Genomic Sequences
Hits with greater than 96% identity in BLAST analysis were assigned to the annotated genes, transcribed sequences (RNAs and UTRs), CDS, and pseudogenes. The number of matching tags in the pregnant group at Day 40 was underrepresented in their assignments to CDS (P ¼ 0.038) compared to the NP group. The pregnant groups at Day 0 and Day 20 showed slightly elevated tag hits in CDS compared to the NP group, but these differences were not statistically significant. In sera of early pregnancy stages (Day 0 and Day 20), no differences were found in the representation of genomic regions compared to the NP group. Figure 1 shows the tag distribution among the bovine chromosomes including mitochondrial DNA counts. No group differences were obtained for the tag distribution among whole bovine chromosomes.
Distribution of Tag Hits among Chromosomes
In further analysis, tag hits were subdivided into sequence parts of 500 000 bp (Fig. 2 ). Significant group differences were detected for 14 chromosomal regions. Table 2 shows the complete list of all chromosomal regions and located genes. Four regions showed a moderate increase (P , 0.05) and three regions a high increase (P , 0.01) in tag counts in the chromosomal windows. Six chromosomal regions showed a decrease (P , 0.05) and one region a highly significant (P , 0.01) decrease in tag representation compared to the NP group.
Chromosomal distribution of tag hit at Day 0. In comparison to the NP group, two chromosomal regions showed an increase and two regions a decrease of tag hit counts in samples from pregnant cows at Day 0 (P , 0.05). No genes were observed in chromosomal regions on BTA4 at 17.5-18.0 Mbp and on BTA20 at 62.5-63.0 Mbp, which showed increased sequence hits at Day 20 compared to the NP group (P , 0.05). In six chromosomal regions of five different chromosomes, a high decrease in tag hits was detected in samples from pregnant cows at Day 20 compared to the NP cows (P , 0.05).
Chromosomal distribution of tag hit at Day 40. In samples from pregnant cows at Day 40 (1.79 6 0.33), a decrease in tags was observed for the chromosomal region 102.0-102.5 Mbp on BTA4 (P ¼ 0.014) compared to NP cows (2.80 6 0.66). Samples from pregnant cows at Day 20 (1.67 6 0.77) showed a slight decrease in tag sequences compared to the NP group. No group differences were obtained during the course of pregnancy. Four genes (CALD1, BPGM, AGBL3, TMEM140) are located in this region.
Representation of Single Genes
A median test was calculated to detect significant differences in the representation of tag sequences originating from single genes between the pregnant and NP groups. The data analysis of the representation of single gene showed significant results (P , 0.01). Differences were obtained for sequence tags originating MAYER ET AL. CNA IN BOVINE PREGNANCY from five genes. These tag sequences were exclusively found in samples of pregnant cows, whereas the representation of CNAs derived from single genes were distributed in a small number (Fig. 3 ) compared to intergenic CNAs (see below).
Representation of Repetitive Elements
Blast analysis assigned 37.1% of the tag sequences to repetitive elements. Using the SAGE protocol only, sequences were generated harboring NlaIII restriction sites. A total of 6.99 3 10
6 NlaIII restriction sites are present in repetitive regions of the genome. Table 3 shows the observed:expected ratios and the z-values of the interspersed repeat classes (LINEs, SINEs, and LTRs and DNA transposons) within the analyzed groups. No differences for the various classes of interspersed repeats were detected between the pregnant groups and the NP group. However, the observed:expected ratios indicate an underrepresentation of SINE fragments over all groups (P , 0.05). The observed tag counts for the repeat classes LINE and DNA transposon showed a slight underrepresentation compared to the expectation in all tested groups. In contrast, the observed:expected ratios for samples of pregnant cows at Day 40 and the NP group identified an overrepresentation of LTR sequences (P , 0.05). Due to the high SD, no differences between observed and expected tag counts was determined for samples of pregnant cows at Days 0 and 20.
Tags Exclusively in Samples of Pregnant Cows
All tag sequences were sorted into a database for pregnant and NP samples and were compared against each other. Identical sequence tags found exclusively in samples of pregnant cows were counted. These tags were compared by BLAST analysis against the cow genome and all known repetitive elements. Only tags found in high numbers at Day 20 compared to Day 0 and Day 40 in a minimum of four samples from pregnant cows were selected.
From the total pool of 6.1 3 10 6 tag sequences, approximately 23% (1.4 3 10 6 tags) were present exclusively in pregnant cows. Therefore, 59 593 6 7003 tags were detected in samples of pregnant cows at Day 0, 58 993 6 7687 at Day 20, and 59 813 6 8331 at Day 40. The processed unique tag sequences could not be assigned to genomic features (e.g., genes) by using comparative BLAST analysis, but they produced significant matches on the bovine genome. A schematic of the in silico analysis is shown in Supplemental Figure S2 .
Seven tag sequences originating from single intergenic sites showed a high appearance in samples of pregnant cows at Day 20. Figure 4 shows the representation of these tag sequences and their mean hit counts in samples of pregnant cows. Tag 18 was exclusively detected in four of eight pregnant cows and had the highest overall count (532 hits). The CNA tag sequences 14, 24, and 28 were also exclusively observed in four of eight pregnant cows at Day 20. The tag sequence 65 is observed in five of eight cows at Day 20. Tag 41 showed the highest distribution in six of eight pregnant cows at Day 20, with a total count of 154 hits. This tag was also observed in samples of three cows at Day 40. Tag 47 was found in one sample at Day 0 and in samples of four cows at Day 20. Supplemental Table S1 shows the sequences, the chromosomal localizations, and the genomic assignments of selected intergenic tags.
Additionally, 13 tag sequences originating from repetitive elements showed a high appearance in samples from pregnant cows (Supplemental Table S2 ). The repetitive tag sequences were identified as BovBs (LINE) as well as Art2A and BovA2 (SINE) by comparative BLAST analysis against the unmasked genome. The obtained repetitive tag sequences were aligned to the reference sequence of Repbase ver.12.09 and were grouped by the respective elements. For these repetitive tag clusters, the tag appearance was determined for the pregnant cows. 
DISCUSSION
Representation of Genomic Sequences
Concerning the representation of genomic sequences, a significant underrepresentation of tag hits among CDS was detected within the circulating DNA pool of pregnant cows at Day 40 compared to NP cows. This result was confirmed by a previous study on a cohort of healthy cattle [22] . In a similar analysis previously performed in humans, CNAs also showed an underrepresentation of CDS [2] . It was suggested that nonspecific release (apoptosis/necrosis) of CNAs is not the only source of cell-free DNA in healthy individuals. Transcriptionally active genomic regions are located in the euchromatin. These regions show decreased numbers of histones and generally belong to enhancers and promoters of genes. Consequently, the decondensed DNA is susceptible to nuclease (for review, see [37, 38] ). Our results showed a decrease in CDS in sera of pregnant cows at Day 40 as a consequence of a possible nuclease restriction. The exact molecular mechanisms that are responsible for an underrepresentation of genomic sequences in pregnant cows at Day 40 compared to the NP group are currently unclear. 
Distribution of Tag Hits among Chromosomes and Genes
Regarding the 500 000-bp chromosomal windows across the bovine genome, we observed significant decreases and increases in tag hit distribution. Within these windows, several genes are located that play a role in the development and maintenance of mammalian folliculogenesis and pregnancy. In case of the distribution of tag hits to genes, these hits were exclusively found in pregnant cows.
In this context, we summarized the function of these genes ordered by the various days of gestation. In serum samples from pregnant compared to NP cows at Day 0, a decreased distribution of tag hits is located in the region 117.0-117.5 Mbp on BTA1. The gene MBNL1 is located in this region. The transcription of MBNL1 (muscleblind-like splicing regulator 1) is downregulated in bovine endometrium in the presence of estrogen and progesterone [39] . An increase in tags at Day 0 was detected for the region 43.5-44.0 Mbp on BTA7. One gene in this region is associated with oocyte maturation. SCAMP4 (secretory carrier membrane protein 4) is associated with initiation processes of pregnancy. During the estrous cycle and folliculogenesis, a decreased expression of the murine Scamp4 in the presence of high levels of progesterone was reported [40] . At the beginning of estrous cycle, concentrations of progesterone, luteinizing hormone, estrogens, and folliclestimulating hormone are low. At this time, symptoms of estrus regress, and ovulation begins [41] . The molecular function of SCAMP4 in the initiation of pregnancy and oocyte maturation CNA IN BOVINE PREGNANCY is not fully understood. A recent RNA-seq of various stages of porcine oocyte maturations showed differentially expressed small RNA tags that mapped to exon regions of the SCAMP4 gene. An increase in porcine SCAMP4 transcription was detected at the beginning of oocyte maturation that declined at the end of blastocyst development [42] . In the chromosomal region 11.0-11.5 Mbp on BTA17, an increased tag hit count was observed. The gene EDRA (endothelin receptor type A) is highly expressed in ovarian epithelial cells and facilitates the initiation of pregnancy. An inhibition of endothelin receptors results in a reduction in the number of embryos [43] .
Tag sequences matching to GNB4 (BTA1) showed the highest occurrence at Day 0 in five of eight pregnant cows. Experiments in mice have shown that GNB4 is involved in signaling pathways important for increased reproductive performance [44] .
At Day 20, we observed an increase in tag counts in the chromosomal regions 4.5-5.0 Mbp on BTA4 and 60.0-60.5 Mbp on BTA13. On BTA4, the gene COBL was described as a gene that transcription that is downregulated by estrogen and upregulated by progesterone [39] . AURKA and TFAP2C on BTA13 were detected and are associated with embryo and placenta development. Aurora A kinases are important for the regulation of bipolar spindle formation during mitosis by regulating the localization and functions of proteins at centrosomes. An absence of Aurora A kinases will lead to increased apoptosis and embryonic death by dysfunction of spindle formation [45] . The murine Tfap2c is essential for the development of the placenta. The bovine TFAP2C was found in somatic cell nuclear transfer embryos at the eight-cell and morula stage as well as in placental tissues [46] .
Decreases in tag distribution were detected in various chromosomal regions. However, none of the located genes has been associated with developmental processes during pregnancy to date (see Table 2 ).
At Day 40, a decrease in tag distribution was observed for the region 102.0-102.5 Mbp on BTA4. BPGM (2,3-bisphosphoglycerate mutase) is located in this chromosomal region. In human placental tissues, 2,3-BPGM synthesizes 2,3-bisphosphoglycerate (2,3-BPG) in erythrocytes, regulating the binding affinity of hemoglobin for oxygen [47] .
The significant decrease of tag sequences in these regions suggests molecular mechanisms by which CNA fragments are degraded in the maternal bloodstream. Circulating DNA is associated with histones as nucleosomes [48] or packed within lipoprotein complexes [3] . It has been hypothesized that circulating nucleosomes are released from apoptotic or necrotic cells and that the protein-bound DNA molecules are resistant to nuclease digestion [48] . The significant decrease in tag concentration in some chromosomal regions most likely can be explained by different binding patterns of methylated histone proteins. Tightly bound histone proteins can protect the apoptotic circulating DNA from nuclease attack. Therefore, epigenetic histone modifications and different patterns of hetero-and euchromatin in different cell types undergoing apoptosis might lead to the representational differences detected in the CNA [49, 50] . Epigenetic modifications of histones bound to CNAs have been detected in various tumor diseases [51] as well as in pregnancy and pregnancy-related disorders [52] .
Matching tags at Day 20 were detected in six cows within the NLRP13 (BTA18) gene and in five cows within the TMED3 (BTA21) gene. NLRP13 plays an important role in mammalian reproduction, with high expression patterns in human oocytes and preimplanted embryos. After nidation, NLRP13 is exclusively expressed in maternal tissues [53, 54] .
In endometrium, TMED3 expression is solely induced by estrogen and is involved in initiation of mitosis as well as in proliferation of endometrium during embryonic development [39] . In five of eight pregnant cows, the highest tag occurrence at Day 40 was detected for the NRSN1 (BTA23), which plays an active role in embryonic development in mice [55] .
In summary, the differences between CNA distribution in chromosomal regions and genes of pregnant cows at Day 0 and of NP cows are challenging to explain. At Day 0, the pregnant group and the NP group are both obviously not pregnant. The resulting differences in CNA distributions of NP cows could point to an advanced fertility of the pregnant group at the beginning of estrus.
Representation of Repetitive Elements
Interspersed repetitive element classes and ruminantspecific repeats account for 46.5% of the bovine genome [56, 57] . Whereas the portion of CNA tags originating from these classes was underrepresented in our study group, Van der Vaart et al. [58] showed in human plasma samples of healthy and diseased individuals similar distributions of repetitive sequences compared to the human genome (reference genome build 36.1). In contrast, a study on apoptotic and genomic DNA in sera revealed opposite results by using the applications of FISH (fluorescence in situ hybridization) and SOLiD (sequencing by oligonucleotide ligation and detection) analyses [59] .
The observed CNAs matching on interspersed repetitive elements belong to the largest class of sequences of the mammalian genomes. As mentioned, these elements account for 46.5% of the total length of the bovine genome. Numerous interspersed repeats are concentrated within or near promoters [56, 57] . Evidence indicates that these repeats can affect gene expression. Also as mentioned, transcriptionally active regions showing decreased numbers of histones are susceptible to nuclease (for review, see [38] ). Underrepresentation of SINEs, LINEs, and DNA transposons in sera of all cows was shown as a consequence of a possible nuclease restriction.
Some repetitive elements of the LTRs are essential for mammalian developmental processes of the conceptus and the placenta [60] . In our analysis, LTR sequences were overrepresented in samples of pregnant as well as NP cows, so an association of these fragments to pregnancy can be excluded. Circulating DNAs in plasma or serum are associated with nucleosomes in different concentrations, and their histones can be methylated in a sequence-specific manner. In this context, oligonucleosomal DNA was detected at higher concentrations in plasma compared with mononucleosomal DNA. Additionally, nucleosomal DNA with methylated histones was observed at higher concentrations than nucleosomal DNA with unmethylated histones [50] . Hence, an increase in LTR tags compared to the expected NlaIII restriction sites can be associated with high concentration of nucleosomes as well as methylated histones.
Tags Exclusively in Samples of Pregnant Cows
In this analysis, we focused on Day 20, because this time period is essential for the establishment of a successful pregnancy. Around Day 20, the nidation of the bovine conceptus into the maternal endometrium occurs, or in case of an abortion, a new estrus begins. We raised the question whether a nidation event impacted the composition of maternal CNAs next to the well-known endometrial changes of the transcriptome at Day 20 [61] .
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The BovB belongs to the LINE retrotransposon elements (RTEs) and accounts for 10.7% of the bovine genome. It is believed that BovBs encode the mechanism for the transposition of SINE BovAs, SINE Art2A, or SINE RTEs [56] . Comparable to human Alu repeats, the repetitive element Art2A belongs to short interspersed repeats and accounts for 4.2% of the bovine genome [2, 56] .
Trophoblastic cells of the ruminant placenta express various tissue-specific proteins during pregnancy, such as PAGs, which play a key role in fetal-maternal signaling and communication [31, 32] . Within this family of PAG genes, the incorporation of different repetitive and transposable elements like Art2A and BovA2 has been reported [62] .
In summary, a modified SuperSAGE procedure and nextgeneration sequencing were used to investigate CNA distribution in sera of pregnant and NP cows at different time points during gestation. Significant differences in distribution of circulating DNA were detected. Several tag sequences were exclusively present in sera of pregnant cows. Some of the identified regions of origin and genes are known to be associated with developmental processes as well as endocrine and metabolic adaptation to pregnancy. The identified sequences presumably originated from growing tissues of the placenta. These CNAs are promising for the development of an early pregnancy biomarker in cattle.
